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1.0

Executive Summary
This document includes the final project report for the “Foot Support Taping Device
for Off-Loading Wounds” that will be used to help treat diabetic foot ulcers. There
are currently products that help in the treatment of diabetic ulcers; however, none
of them use tape in their design. This device is comprised of a PegAssist Insole,
KT tape, duct tape, athletic tape, gauze, and Neosporin. All customer requirements
and engineering specification were met. The most important specification is the
percent the pressure is offloaded with the device and it was found to be an average
of 55.43%. The references are all listed in Appendix A.

2.0

Introduction and Background
In the United States, 30.3 million people have diabetes [1]. Approximately 15% of
people with diabetes have or will develop an ulcer [2]. The most common place for
a diabetic ulcer is on the bottom of the foot. Anyone who is diabetic is at risk of
developing a foot ulcer, but Native Americans, African Americans, Hispanics, and
older men are at a higher risk of developing one [2]. Some other factors that can
cause diabetic ulcers are being overweight, abusing alcohol, having poor
circulation, uncontrolled blood sugar, and wearing inappropriate shoes [2]. Along
with having diabetes, many patients also have neuropathy, abnormal foot
pathologies, and peripheral vascular disease, which makes the healing of foot
ulcers more difficult [3].
There is a need for a treatment of foot ulcers because 6% of ulcers become
infected or lead to complications that require hospitalization and 14-24% of ulcers
end up with amputation of a limb [2]. Diabetic ulcers are costly and are a burden
on health care. To heal a single ulcer is $8,000, to heal an infected ulcer is $17,000,
and the cost of an amputation is $45,000 [4]. Also, amputations often end up with
an infected contralateral limb and 20-50% of people will die within 5 years of the
amputation [4]. The way that ulcers are currently treated to help prevent
amputations and death are to prevent infection, take pressure of the area of the
ulcer, remove the dead skin and tissue around the area, apply medication, and
managing blood glucose level [2]. Most of the devices on the market to treat ulcers
focus on taking pressure off the area of the ulcer while keeping the wound clean.
One current option for offloading the wound that is on the market is a Charcot
Restraint Orthotics Walker (CROW), shown in Figure 1. A CROW is a total contact
ankle-foot option with two outer shells that strap together on the foot. The outer
shells are either made of plastic or fiberglass clamshell pieces [5]. Each one is
customized to the patient and features a bivalve interior, which helps
accommodate abnormal foot pathologies and offload the wound [3]. With this
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device, the pressure on the plantar forefoot and the midfoot are reduced by 50%
[3]. The sole of the walker has a rocker bottom in order to help with walking. This
device can be used alone, but it is commonly used after a total contact cast. The
reason this device is often used after a total contact cast is because originally there
is too much swelling in the patient’s foot that does not allow them to use CROW
[5].

Figure 1: Charcot Restraint Orthotics Walker
Another current option for offloading the wound is a Patellar Tendon-bearing brace,
shown in Figure 2. A Patellar Tendon-bearing brace is used for a multitude of
conditions including non-union fractures of the tibia, pain in the ankle and foot, loss
of the heel pad, and of course ulcerated areas of the foot [6]. A Patellar Tendonbearing brace is made of two outer shells that are attached by Velcro. It goes from
the ankle to the top of the knee (on the front) or the bottom of the knee (on the
back). There is a U-shaped plastic on the bottom of the foot that attaches to the
shell that limits the range of motion of the ankle. This brace does a great job of
reducing pressure to the hindfoot, but does not reduce pressure in the midfoot or
forefoot [7]. Therefore, this brace only works for ulcers on the hindfoot and most
ulcers occur in midfoot or forefoot making this device unusable to most diabetic
ulcer patients. This device can also cause abnormal walking depending on how
high the brace goes up and the rigidity of the ankle.

4

Figure 2: Patellar Tendon-Bearing Brace
The most common and arguably the most effective method to offload the foot is by
using a total contact cast (TCC), shown in Figure 3. A total contact cast casts the
entire foot all the way up to the knee, with the ankle locked at 90 degrees. These
casts significantly reduce the pressure on the wound and 75-100% of the wounds
heal with them [4]. The most common patients who use this method are those that
are noncompliant, blind, or morbidly obese [4]. Some of the downfalls of the TCC
are that they take time and are difficult to apply often requiring more than one
specialist, do not allow for daily wound inspection, could result in new ulcers form
improper application, do not offload the plantar heel, and can get costly [4]. One
reason that these get costly quickly is because a new one gets applied every 5 to
7 days that way the wounds can be checked and unfortunately that cannot happen
without the complete removal of the cast [3].

Figure 3: Total Contact Cast
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In addition to the bulkier offloading devices listed, the Ovation Gen 2 Walking Boot,
shown in Figure 4, provides high level force absorption, with a curved sole that
allows the patient to maintain their natural gait. Though it is lightweight, it is still a
somewhat large brace. There are other devices that are smaller, yet are still
effective for offloading. Darcon has both the OrthoWedge, shown in Figure 5, and
HeelWedge, shown in Figure 6, depending on the location of the ulcer. It is a shoe
with an increased sole to keep the affected area off the ground. Finally, ShimiShoe had the DynaWalk, which had a slidable cushion on the sole. Though it
received a Healthcare Common Procedure Coding System (HCPCS), the
trademark on this was discontinued.

Figure 4: Ovation Gen 2 Walking Boot

Figure 5: OrthoWedge
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Figure 6: HeelWedge
Not only can metals, plastics, outer shells, casts, braces, walkers, and special
shoes help off load wounds, provide rigidity, and prevent infection, but so can tape
and padding. There are three main types of tape that have different functions. The
types of tape are dynamic tape, kinesiology tape, and rigid athletic tape. Dynamic
tape can be elongated by 200%, has a strong resistance, stretches in both the
longitudinal and transverse directions, and primarily helps with load absorption and
assistance of movement [8]. Kinesiology tape can be elongated by 140-180%, has
weak resistance, stretches in the longitudinal direction, and primarily helps with
neurophysiology [8]. Rigid athletic tape does not elongate, does not stretch in any
direction, and its primary function is to be restrictive and stop movement [8]. Using
these tapes together can offload a wound, provide rigidity to the ankle, and
increase circulation in the area. Patents that have to do with offloading a foot and
taping processes are listed in Table 1. Since most of the patents refer to full shoes
or casts, this device should not interfere with them as it is all taping and padding.
Additionally, the patents that are for taping methods are expired so there is nothing
to get around.
Along with the current designs on the market for treating ulcers, there is regulations
from the FDA on how to assess and treat them. The steps taken in wound
assessment are ulcer classification, wound size, and infection [9]. Ulcer
classification involves figuring out the type of chronic ulcer that the patient has.
These can include venous stasis, diabetic, pressure, or arterial insufficiency [9].
For the purpose of this project, the solution will focus on diabetic ulcers. After the
classifying the ulcer, the wound size needs to be taken into account. For diabetic
ulcers, the size that matters is the depth of the wound, which is determined using
qualitative assessment [9]. Then it has to be determined if the wound is infected
and if so how much. This can be assessed by looking at the symptoms such as
drainage, odor, pain, warmth, fever, etc [9]. It can also be assessed by taking a
7

tissue biopsy. The standard care for diabetic ulcers includes removal of necrotic or
infected tissue, off-loading, establishment of adequate blood circulation,
maintenance of a moist wound environment, management of wound infection,
wound cleansing, and nutritional support [9].
This project will run from October 2018 to March 2019. The full project plan can be
seen in Appendix B.
Table 1: Relevant Patents
Product

Classifications

Patent No.

Expiration

Total Contact Cast [10]

Shoe-like orthopaedic devices
for protecting feet

US9192504B
2

10/8/33

Plaster of Paris bandages
Shoe-like cast covers
Walking soles
Pressure-pads
Devices for stretching or
reducing fractured limbs
Foot Alleviator [11]

Drop-foot appliances

US6558339B
1

Expired

Compound Adjustable
ankle foot orthosis
brace [12]

Orthopedic Devices

US6302858B
1

10/26/20

Body-adhesive tape
[13]

Layered products
characterized by physical
structure

US5861348A

Expired

Method for joint taping
with inelastic tape [14]

Openable Readjustable

US5938631A

Expired
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3.0

Customer Requirements and Design Specifications
3.1. IFU
The Foot Support Taping Device can be used by a skilled practitioner to assist in
offloading wounds of the foot in 10 minutes or less. Reapplication can be done by
a patient or their caregiver. The device offloads foot wounds, enables access to
the wound for continued monitoring, supports the foot, decreases the amount of
time and materials for application and follow up visits, and allows for normal
walking. Device should be wrapped in plastic wrap when bathing. It provides an
alternative to non-removable total contact casts, which do not allow access to the
affected area and impedes standard gait. The device is indicated for use with
patients of both genders who are at least 18 years old and have grade 1 or grade
2 (CHS grade scale) diabetic foot ulcers on the metatarsal head.
3.2. Product Design Specifications
The Product Design Specification Matrix is shown in Table 2.
Table 2: Product Design Specifications
Customer
Requirement

Engineering
Metric

Specification

Rationale

Easy
Application

Time

Takes 10 minutes or less.

Decreases the amount of
time to treat the patients,
which allows more patients
to get treated.

Decreases
Pressure

Pressure

Decreases peak external
pressure at wound site by
at least 40% compared to
peak pressure with
unaltered insole.

Must offload wound to
allow for more productive
heading and rectify
abnormal gait patterns.

Lightweight

Weight

Weighs less than 3
pounds.

Increases comfort and
portability for the patient
and does not impede gait.

Easy Access
to Wound

Time

Takes less than a minute
to access wound.
Takes less than two
minutes to re-apply
removable part to wound.

To make treatment of the
care easier and more
accessible.
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Table 2: Product Design Specifications Continued
Customer
Requirement

Engineering
Metric

Specification

Rationale

Durable (KT
Tape)

Length

KT tape does not peel off
more than 1 cm in any
direction for at least 5
days with daily use.

Lasts 5 days in order to
leave time between
appointments and reduce
cost due to repeated visits.

Durable
(Insole)

Thickness

Less than 0.1 cm change
in thickness of insole.

Device must be able
function properly during
the total healing time
(approx. 12 weeks).
Thickness of the insole
affects the functionality of
the device.

Normal Gait

Length and
Time

Less than 10% change in
step length and walking
time compared to normal
gait.

Necessary to walk
comfortably when using
the device.

3.3. House of Quality
The customer requirements, engineering metrics, comparison between
requirements and metrics, ranking system, and customer assessment are in the
house of quality as shown in Figure 7. The most important engineering
requirement was found to be change in pressure on the wound and the least
important engineering was found to be walking time. From these results, it shows
that when designing and testing the device reducing pressure should be the most
important consideration and gait time should be the least.
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Figure 7: House of Quality
4.0

Stage Gate Process
4.1. Concept Review
Based on the placement of the ulcer and the grade that it must be in, the amount
of people that this device can help is 1.6 million Americans. In order to meet the
customer requirements described in section 3, multiple concept designs were
made and a front runner was chosen. The first concept consisted of figure 8 athletic
taping around the ankle in order to fix it at 90 degrees. It included dynamic tape on
the underside of the foot to help offload the ulcer, KT tape running from the back
of the ankle to the bottom of the foot, a gel pad under the ulcer to create a cushion,
gauze and Neosporin on the ulcer, and dynamic tape in a donut shape around the
ulcer to prevent the ulcer from contacting the ground. This design can be seen in
Figure 8.
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Figure 8: Concept 1
The second concept design involved allowing the ankle to move normally. Again it
included gauze and Neosporin on the ulcer. Instead of the dynamic tape around
the ulcer in a donut, this design uses gauze and has the gel pad on the heel of the
foot to simulate a Geta clog. Then athletic tape is used around the foot to secure
the gauze and pad in place. The KT tape runs along the bottom of the foot to
promote blood flow and dynamic tape in a U-shape around the heel to offload. This
design can be seen in Figure 9.

Figure 9: Concept 2
The third concept design also locks the ankle at 90 degrees. It does this by having
athletic tape in a heel lock for supination, as an anchor, and as a stirrup. There is
gauze and Neosporin over the ulcer. This design also includes KT tape along the
leg and across the foot again to promote blood flow. Then the gel pad is placed
under the tarsals and a “donut” of gauze is placed around the ulcer for offloading.
Then dynamic tape is used to secure the padding and donut. This design can be
seen in Figure 10.
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Figure 10: Concept 3

The last and fourth design involves using KT tape around the ankle to stabilize it
and promote blood flow, but not to restrict movement of the ankle. Once again
gauze and Neosporin are applied over the wound. Instead of using gel padding,
this design uses an insole with a hole in it on the bottom of the foot to offload the
wound. Then athletic tape is used to secure the insole to the bottom of the foot.
This design can be seen in Figure 11.

●

●

Figure 11: Concept 4

After comparing the designs based on engineering metrics in Pugh Charts with
each one as a datum, the clear front runner was concept 4. The four Pugh Charts
can be seen in Appendix E. The pros to design 4 is that it offloaded pressure off
the wound the best, allowed for easy access to the wound, allowed for each
reapplication, and allowed for normal gait. The one downside to design 4 is that it
is not as water resistant as the other designs; however, this just means that the
insole part of the design cannot be worn in the shower or has to have plastic wrap
covering it. However, this design can still be worn when raining because a shoe
will cover the insole. The materials included is this design are KT tape, gauze pads,
Neosporin, athletic tape, Darco PegAsisstTM, shown in Figure 12, and HappyStep
Insole. The estimated cost of this device is $38.84 per unit, which is based off of
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the raw materials needed. The vendor information and the budget can be found in
Appendix F and Appendix G, respectively.

Figure 12: Darco PegAsisstTM
4.2. Design Freeze
Based on the concept design, a final and detailed design with KT tape, gauze pads,
Neosporin, athletic tape, Darco PegAssistTM, and HappyStep Insole was made. An
isometric and bottom view of the CAD model can be seen in Figures 13 and 14,
respectively. The gauze and Neosporin are not shown but go directly on the ulcer
and are secured to the foot by athletic tape. The athletic tape is also not shown
and it secures the gauze and secures the insole to the foot by wrapping around
the insole and the foot twice.

Figure 13: Isometric View of the Design Freeze (gauze, Neosporin, and athletic
tape not shown)
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Figure 14: Bottom View of the Design Freeze (gauze, Neosporin, and athletic
tape not shown)
The cost estimation for this design is $38.84. This device fits women’s shoe sizes
4 to 10 and men’s shoe sizes 6 to 14. The dimensioning of the insole varies from
person to person based on their shoe size and their shoe. The hole in the insole is
2 to 5 mm bigger in radius than the ulcer. The range in the measurement is based
on the peg size and where the pegs fall compared to the ulcer in the insole. The
detailed drawings of the KT tape, gauze, athletic tape, HappyStep Insole, and
PegAssist Insole can be seen in Figures 15, 16, 17, 18, and 19, respectively.

Figure 15: Detailed Drawing of KT Tape
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Figure 16: Detailed Drawing of Gauze

Figure 17: Detailed Drawing of Athletic Tape
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Figure 18: Detailed Drawing of HappyStep Insole

Figure 19: PegAssist Insole
The manufacturing instructions for the insole, KT Tape, Neosporin and gauze, and
applying the insole are shown in Tables 3, 4, 5, and 6, respectively for this design.
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Table 3: Manufacturing Steps for the Insole
Steps

Instructions

Equipment

Training

Pictures

1

Place patients current shoe insole over
the PegAssistTM insole and trace around
the current shoe insole with a sharpie

Sharpie

N/A

2

Using a pair of scissors cut the
PegAssistTM around the inside of the
sharpie mark

Scissors

N/A

3

Place the newly cut PegAssistTM on top
of the HappyStep Insole and trace
around it with a sharpie

Sharpie

N/A

4

Using a pair of scissors cut the
HappyStep Insole around the outside of
the sharpie mark

Scissors

N/A

5

Using a box cutter cut the HappyStep
Insole around the inside of the sharpie
mark, but do not cut all the way through,
leave 2 mm

Box
Cutter

N/A

N/A

6

Using the box cutter cut out the middle
of the HappyStep Insole

Box
Cutter

N/A

N/A
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Table 3: Manufacturing Steps for the Insole Continued
Steps

Instructions

Equipment

Training

7

Place plastic wrap around the patients
foot over the ulcer

N/A

N/A

8

Circle the wound on the plastic with a
marker pen

Sharpie

N/A

9

Have the patient stand on the
PegAssistTM and the marked area will
imprint onto the insole

N/A

N/A

10

Remove the pegs underneath the
marked area on the PegAssistTM

N/A

N/A

11

Place the PegAssistTM into the
HappyStep Insole

N/A

N/A

Pictures

N/A

Table 4: Manufacturing Instructions for Applying KT Tape
Steps

Instructions

Equipment

Training

1

Twist and tear KT Tape paper approximately
one inch from the end and remove paper

N/A

Standard
Taping
Practice

Pictures
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Table 4: Manufacturing Instructions for Applying KT Tape Continued
Steps

Instructions

Equipment

Training

2

Find where to place the tape by placing the
other end to the inside aspect of the heel and
then place the adhesive end down on the
skin

N/A

Standard
Taping
Practice

3

Remove the remaining paper and stretch the
tape to 50% as you apply the tape under the
heel to the other side of the ankle

N/A

Standard
Taping
Practice

4

Twist and tear KT Tape paper approximately
one inch from the end and remove paper

N/A

Standard
Taping
Practice

5

Place the end on the inside of the foot
starting just after the toes end with no stretch

N/A

Standard
Taping
Practice

6

Remove the remaining paper and stretch the
tape 50% as you apply the tape to the inside
of the foot around the back of the heel and
then under the foot just in front of the heel

N/A

Standard
Taping
Practice

7

Twist and tear KT Tape paper approximately
one inch from the end and remove paper

N/A

Standard
Taping
Practice

8

Place the end on the outside of the foot
starting just after the toes end with no stretch

N/A

Standard
Taping
Practice

9

Remove the remaining paper and stretch the
tape 50% as you apply the tape to the
outside of the foot around the back of the
heel and then under the foot just in front of
the heel

N/A

Standard
Taping
Practice

Pictures

N/A

N/A
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Table 5: Manufacturing Instructions for Applying Neosporin and Gauze
Steps

Instructions

Equipment

Training

Pictures

1

Verify that the wound is clean before
starting

N/A

Classic
Wound
Care

N/A

2

Take a gauze pad and apply a thin layer of
Neosporin to it

N/A

N/A

3

Take the gauze pad and apply it Neosporin
side down onto the wound

N/A

N/A

4

Secure the gauze by taping athletic tape
around the edge of the gauze

Scissors

Standard
Taping
Practice

N/A
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Table 6: Manufacturing Instructions for Applying the Insole
Steps

Instructions

Equipment

Training

1

Verify that the KT tape is on correctly and
that the gauze is secure over the wound

N/A

Standard
Taping
Practice

2

Take the manufactured insole and place it
on the bottom of the patient's foot

N/A

N/A

3

Secure the insole to the bottom of the
patients foot by taping it to the foot using
athletic tape

Scissors

Standard
Taping
Practice

4

With patients newly taped foot and insole
applied have them place their foot into their
shoe

N/A

N/A

Pictures
N/A

N/A

The preliminary testing plans for the application time, weight, time to access
wound, and reapplication time can be found in Table 7. The preliminary testing
plans for pressure testing can be found in Table 8. The preliminary testing plans
for durability and compression tests can be found in Table 9. Lastly, the preliminary
testing plans for gait tests can be found in Table 10.
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Table 7: Preliminary Test Method for Time and Weight Tests
Engineering
Metric

Test Method

Test
Location

Apparatus
Experience/
Training

Equipment

Sample
Size

Expected
Results

Power
(%)

Takes 10
minutes or less
to apply (not
including
customization
of the insole)

1. Give written instructions and
device to who is applying it
2. Start time once user begins to
read instructions for use
3. Stop timer once the user’s
foot in is a shoe

Anywhere

None

Stopwatch

5

~ 8 min

90.9

Weighs less
than 3 pounds

1. Gather 3 strips of athletic
tape, 3 strips of KT tape, 1
gauze pad, and a manufactured
insole
2. Place them on scale
3. Record the value

Any
scientific
lab on
campus

None

Scale

5

~1
pounds

72.3

Takes less
than 1 minute
to access
wound

1. Start time once the user’s foot
is out of the shoe
2. Stop time once the wound is
exposed

Anywhere

None

Stopwatch

5

45
seconds

72.3

Takes less
than two
minutes to
reapply support
to wound

1. Give written instructions and
supplies to who is applying it
2. Start time once user begins to
read instruction for use
3. Stop timer once the user’s
foot is back in a shoe

Anywhere

None

Stopwatch

5

1.5
minutes

95.6
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Table 8: Preliminary Testing Plans for Pressure Tests
Engineering
Metric

Test Method

Test
Location

Apparatus
Experience/
Training

Equipment

Sample
Size

Expected
Results

Power
(%)

Decrease
external
pressure by
40-50%

Standing
1. Apply device to
foot (no shoe)
2. Gently step onto
Fujifilm with
ulcerated foot
3. Place full weight
onto ulcerated foot
4. Stay in place for
30 seconds
5. Remove foot from
Fujifilm
6. Repeat steps 2-6
with device without
hole on it.
7. Send film to
Fujifilm company to
analyze

Anywhere

Training and
instructions
from Fujifilm

Fujifilm

3

50%

72.3

Walking
1. Apply device to
foot (no shoe)
2. Plan out step
length so the fourth
step (ulcerated foot)
will land on the
Fujifilm
3. Walk normally on
and off the Fujifilm
4. Repeat steps 2-3
with the device with
no hole.
5. Send film to
Fujifilm company to
analyze
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Table 9: Preliminary Testing Plans for Durability and Compression Testing
Engineering
Metric

Test Method

Test
Location

Apparatus
Experience/
Training

Equipment

Sample
Size

Expected
Results

Power
(%)

Lasts at least 5
days with daily
use without
peeling off

1. Apply KT tape to
ankle
2. Outline the tape
with a pen
3. Wear for 5 days
4. Observe any
movements of the
tape

N/A

Experience
using KT tape

Pen

5

5 days

72.3

Less than 1
mm change in
thickness of
insole

1. Use Instron
tester (192-328)
2. Put in
compression plates
3. Place the
manufactured
insole between the
plates
4. Run single
compression test at
450 N and record
displacement
4. Run cyclic
compression tests
for 100
compressions
reaching 450 N and
record
displacement
5. Wait 2 minutes
6. Repeat 4 more
times

192-328

Training on
Instron Tester
Model 3342

Instron Tester
Model 3342
and
Compression
Plates

5

0.8 mm

72.3
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Table 10: Preliminary Testing Plans for Gait Tests
Engineering
Metric

Test Method

Test Location

Apparatus
Experience/
Training

Equipment

Sample
Size

Expected
Results

Power
(%)

Less than 10%
change in stride
length and
walking time

1. Cut 12 feet of
paper and mark 10
feet on it.
2. Tape it to ground
on a hallway.
3. Place plastic
wrap around the
subject’s foot with
device with the hole
on
4. Add paint to the
entire sole of the
foot.
5. Have subject
walk normally for
the 10 feet
6. Record the time
that it took
7. Record the
distance from the
toe off to the heel
strike of each step
that was marked on
the paper.
8. Average the
distances
9. Repeat steps
with no device on
foot

Anywhere

None

Tape measure,
stopwatch

5

5%

72.3

4.3. Design Review
The final functional prototype can be seen in Figures 25, 26, 27, and 28. The
materials that make up the prototype are the Darco PegAssist Insole, KT tape,
athletic tape, gauze pads, Neosporin, and duct tape. The PegAssist Insole has the
pegs removed underneath where the ulcer will sit on the insole, as shown in Figure
25, and this is to meet the customer requirement of offloading pressure at the
wound. The KT tape is used to tape the ankle because it is a stretchy material that
does not restrict the movement of the ankle, which allows for normal walking and
it also is durable and lasts 5 days. The athletic tape is used to secure the gauze
because it is restrictive material. Overall, the design was kept simple with a small
amount of materials to allow for quick application, quick access to the wound, and
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quick reapplication. All of the materials are relatively light, which keeps the weight
of the device low, as requested.
The information on the materials and where they were purchased from can be seen
in Appendix 10 in Table 10H. All of the engineering specifications of the final
prototype were met and the exact testing protocol, specifications, and results can
be found in Section 7.0.
For the next stage of this product, a new method of securing the stabilizer board
to the insole should be found because removing the duct tape if the hole has to be
altered as the ulcer is healing is tedious. Also, a new method of cutting the insole
should be found because the current way is tedious and can end up with a varying
thickness if not careful.
5.0

Description of Final Prototype Design
5.1. Overview
The final prototype includes a PegAssist Insole (gray), stabilizer board (yellow), KT
tape (black, blue, and red), athletic tape, a gauze pad, Neosporin, and duct tape,
as shown in Figures 20 and 21. The PegAssist Insole is 15 mm thick with 10 mm
thick pegs, which can be removed to create a hole for the ulcer. The stabilizer
board is applied to the bottom of the PegAssist to secure the pegs. The duct tape
is used to secure the stabilizer board to the PegAssist. The gauze pad with
Neosporin on it, covers the ulcer and is secured with athletic tape. The KT tape is
applied to the ankle.

Figure 20: Isometric View of Final Prototype Design
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Figure 21: Bottom View of Final Prototype Design
5.2. Design Justification
The justification for using the PegAssist Insole is that the removable pegs allow
the patient to reuse the same insole for multiple ulcers in different locations. Also,
the thickness of the insole being 15 mm is enough to offload the average pressure
on the ulcer by at least 40%, which was shown through model analysis and testing.
The stabilizer board is on the bottom of the PegAssist to secure the pegs that way
they do not come out when the patient does not want them to. Duct tape was used
to secure the stabilizer board to the PegAssist because it is an easily removable
material that can be removed without damaging the insole when the arrangement
of pegs needs to change. Gauze was used to cover the wound because it is a
sterile material and protects the wound from dirt. Neosporin is used because a
moist wound environment is better for healing. Then the KT tape is applied to the
ankle to help stabilize it and promote blood flow to the area.
5.3. Analysis
With the final prototype built, the analysis done on it included application time tests,
time to access wound tests, reapplication time tests, weight tests, compression
tests, pressure tests, durability tests, and gait tests. More information on the exact
test protocol, materials used, and results of the prototype analysis can be found
later in section 7.0 IQ/OQ/PQ.
5.4. Cost Breakdown
The cost for the manufacturing of the final prototype is $18.10 and the cost
breakdown can be seen in Table 11.
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Table 11: Cost breakdown to manufacture the final prototype
Item

Cost

Darco PegAssist

$ 14.48

KT Tape (3 strips)

$ 2.24

Athletic Tape (~ 42 in.)

$ 0.47

Gauze Pad (1 pad)

$ 0.12

Neosporin (~ 0.05 oz.)

$ 0.52

Duct Tape (~ 36 in.)

$ 0.27

Labor

$ 0.00

Total

$ 18.10

5.5. Safety Considerations
Some safety considerations that are harmful to the patient are the taping is done
too tight or too loose, the pressure is applied or relieved in the incorrect places, the
gauze frays and gets into the wound, the covering comes off of the wound, or the
adhesive in the tape fails and does not stick. In order to mitigate some of these
risks, tests will be done on the patient to ensure the tape is on correctly, a diagram
will be included in the kit to show where to apply padding to offload ulcer, a gel
antibiotic will be used as an interface between the wound and gauze, and a couple
other solutions. The full FMEA Table with the risk priority number and plan to
mitigate each risk is in Appendix D.
Some safety considerations that pose a risk to the manufacturer are improper
applying of tape for testing, getting pinched or pulled by the pull tester or flexural
tester, and working with scissors. The plans to mitigate these risks can be found
in the Risk and Hazard Assessment Table in Appendix D.
6.0

Prototype Development
6.1. Model Analyses
A model of the device was simulated using simple geometry. Two blocks were
used to simulate the foot and the PegAsisstTM pad as shown in Figure 22. A hole
on the pad simulated the pegs being removed from the pad where the ulcer is
located. Finite Element Analysis (FEA) was performed using SolidWorks to
analyze the amount of pressure on the ulcer when a person is standing using only
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the affected foot. The upper part of the foot was fixed using boundary conditions
and a 700 N distributed force was applied to the bottom of the pad to simulated the
ground forces. 700 N was chosen because that is the average weight of an
overweight man. This force of standing on each foot should be half of 700 N and
for walking each foot should experience 700 N when the other foot is lifted. The
FEA showed that stress on the ulcer decreased (blue) and confirmed that a hole
in the padding over the affected area will relieve stress on the ulcer. This analysis
will be used to help determine how much greater in diameter the hole needs to be
than the ulcer in order to receive at least a 40% pressure decrease, which is the
most important specification for this project.

○

○
Figure 22: FEA of device. Top block is the pad and bottom block is the foot.
6.2. Evolution of Prototypes
The first prototype is a CAD model of the front runner as shown in Figures 23 and
24. The characteristics of the front runner are the following. There will be a 23 mm
thick insole (PegAssist Insole) with 18 mm thick pegs on the bottom of the foot with
a hole over the wound that is approximately 2 to 5 mm bigger in radius than the
ulcer. A more exact hole size will be determined during the OQ. This hole will be
the main method for decreasing the pressure on the wounded area. As explained
previously, the design involves using KT tape around the ankle to stabilize it and
promote blood flow, but not to restrict movement of the ankle. Gauze and
Neosporin are applied over the wound to prevent an infection. The HappyStep
Insole will be used to create a rim where the PegAssist Insole can be inserted.
Athletic tape will be used to secure the insole in place. The design is intended to
fit women’s shoe sizes 4 to 10 and men’s 6 to 14.
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Figure 23: CAD of first prototype (isometric)

Figure 24: CAD of first prototype (bottom view)
The second prototype is both a CAD model, shown in Figures 20 and 21, and a
physical device. The insole (PegAssist Insole) on the bottom of the foot with a hole
over the wound that is approximately 2 mm bigger in radius than the ulcer was
changed to be 15 mm thick with 10 mm thick pegs, as shown in Figure 25. This
change was made in order for both the insole and the foot to fit comfortably in the
shoe. The hole is still the main method for decreasing pressure on the wounded
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area. Also, the design still involves using KT tape around the ankle for stabilization
and blood promotion and gauze and Neosporin over the wound to prevent
infection, as shown in Figure 26 and 27, respectively. Instead of the HappyStep
Insole, the stabilizer board will be applied to the bottom of the PegAssist to secure
the pegs. It will be attached through duct around the outer rim as shown in Figure
28. This was changed because the HappyStep was not thick enough to
accommodate the PegAssist. The detailed drawings of this design can be found in
Appendix C.

Figure 25: Bottom View of Manufactured Insole

Figure 26: KT Tape on Ankle
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Figure 27: Neosporin and Gauze Applied to Bottom of Foot

Figure 28: Final Functional Prototype of Manufactured Insole
6.3. Manufacturing Process
The manufacturing instructions can be found in Appendix H.
6.4. Divergence Between Final Design and Final Functional Prototype
When the manufacturing process for the prototype started, it was clear that some
of the methods and design planned would not work out. The PegAssist Insole was
too thick to fit comfortably in a shoe with a foot; because of this, the thickness of
the insole was cut to a new thickness of 15 mm. Another divergence between the
final design and the functional prototype was that the stabilizer board replaced the
HappyStep Insole in the final functional prototype. This was done because the
HappyStep Insole was not thick enough to encompass the PegAssist. Also, since
the device goes in a shoe, if a person is wearing shoes they no longer have to tape
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the insole to their foot. The last divergence was the manufacturing of the insole.
Originally, it was to be cut to the exact same size as the old shoe insole, but
because insoles curve upwards around the inside of the shoe, the new insole
manufacturing was to cut the insole to the size of the old insole minus the curvature
distance.
7.0

IQ/OQ/PQ
7.1. DOE
The Design of Experiments (DOE) is shown in Table 12.

Table 12: Design of Experiment
Engineering Specification Test
Metric
Method
Time

Takes 10
minutes or less
to apply

Pressure

Decreases
peak external
pressure at
wound site by
at least 40%
compared to
peak pressure
with unaltered
insole.
Weighs less
than 3 pounds

Weight

Time

Takes less
than a minute
to access
wound.

Time

Takes less
than two
minutes to reapply
removable part
to wound.

Test
Location

Apparatus
Experience/
Training
None

Sample
Size

Power
(%)

5

90.9

Use a
stopwatch to
time
procedure
duration
Use Fujifilm
to get
pressure
imprints of
the foot

Bldg. 192
Lobby

Bldg. 192
Lobby

Training and
instructions
from Fujifilm

3

53.5

Use a scale
to weigh

180-362

None

5

72.3

Use a
stopwatch to
time
procedure
duration
Use a
stopwatch to
time
procedure
duration

Bldg. 192
Lobby

None

5

72.3

Bldg. 192
Lobby

None

5

95.6
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Table 12: Design of Experiment Continued
Engineering Specification Test
Metric
Method
Length

KT tape does
not peel off
more than 1 cm
in any direction
for at least 5
days with daily
use.
Less than 0.1
cm change in
thickness of
insole.

Thickness

Length and
Time

7.2.

Less than 10%
change in step
length and
walking time
compared to
normal gait.

Wear for 5
days and
measure
peeling

Test
Location

Apparatus
Experience/
Training

Sample
Size

Power
(%)

N/A

None

2

78.8

Training on
the Instron

5

72.3

None

3

72.3

Use Instron
192-328
to apply 100
cyclic
compression
at 450 N
Have
Bldg. 192
subjects
Lobby
walk
normally with
and without
the insole
and measure
step length
with a ruler
and time
with a
stopwatch.

Verification and Validation
7.2.1. Testing Protocol
Application Time, Time to Access Wound, and Reapplication Time
The first few tests for this project involved timing how long it took to apply the
device and remove the device. For these tests, the required materials were
manufactured insole, Neosporin, gauze, KT tape, athletic tape, instructions,
and a stopwatch, shown in Figure 29. All of these tests were performed 5
times. The three tests involved three people, one being the patient, one using
the stopwatch, and one applying/removing the device. The one being the
patient got a circle drawn on their forefoot to represent the wound.
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Figure 29: Stopwatch Used for Time Tests
For the application time test, the person applying the device was given a set
of instructions on how to apply the device and was asked to apply the device
up to the step where the patient’s foot is in a shoe. Then the person timing,
started the stopwatch as soon as the instructions were given and stopped it
once the patient’s foot was in a shoe. The specification for this test is that it
takes 10 minutes or less.
For the time to access wound test, the stopwatch was started as soon as the
patient’s foot was out of the shoe and it was stopped once the “wound” was
exposed. The specification for this test is that it takes 1 minute or less.
For the reapplication time test, the person applying the device was once again
given instructions and asked to start from verifying that the wound was clean
and going up to placing the patient’s foot in a shoe. Once again, the stopwatch
was started as soon as the instructions were given and stopped when the
patient’s foot was in a shoe. The specification for this test is that it takes 2
minutes or less.
The analysis for this data required that all tests were under their respective
times and that they passed a one sample t-test with an alpha of 0.05. The null
hypothesis for the application time was that the mean is greater than or equal
to 600 seconds and the alternate hypothesis is that the mean is less than 600
seconds. The null hypothesis for the time to access wound was that the mean
is greater than or equal to 60 seconds and the alternate hypothesis is that the
mean is less than 60 seconds. The null hypothesis for the reapplication time
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was that the mean is greater than or equal to 120 seconds and the alternate
hypothesis is that the mean is less than 120 seconds.
Weight Test
The next test was weighing the device. The required materials for this test
were the manufactured insole, Neosporin, gauze, KT Tape, athletic tape, and
a scale, shown in Figure 30. This test was performed 5 times. This test was
done by gathering the manufactured insole, 4 strips of athletic tape
(approximately the length needed to tape the gauze down), 3 strips of KT
tape, 1 gauze pad, and approximately 0.05 oz. of Neosporin, placing the
materials on a scale, and recording the value. The specification for this test
is that it weighs less than 3 pounds.

Figure 30: Scale Used to Weigh the Device
The analysis for this data required that all tests were under 3 pounds and that
they passed a one sample t-test with an alpha of 0.05. The null hypothesis
for this test was that the mean is greater than or equal to 3 pounds and the
alternate hypothesis is that the mean is less than 3 pounds.
Compression Test
The compression test was done on the insole and the required materials and
equipment were the manufactured insole, the Instron with Bluehill software,
compression plates, and calipers. The specification for this test is that the
insole has a change in thickness less than 0.1 cm. The insole was measured
with calipers before the tests started, as shown in Figure 31.
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Figure 31: The insole being measured with calipers
The insole was compressed at the place where the hole is by the Instron at a
rate of 6 mm/min for 100 cyclic compressions, as shown in Figure 32.

Figure 32: Insole in the Instron during compression testing
Two minutes after the compressions, the insole was measured with calipers
and the value was recorded. This test was then repeated four more times for
a total of five times.
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For the analysis, the value measured for the thickness of the insole before
each test was subtracted by the value measured for the thickness of the
insole after each test. If the value was less than 0.1 cm, it was considered
passing.
Standing and Walking Applied Pressure Test
The most important testing for this device was the standing and walking
applied pressure tests. The specification for these tests is that the average
pressure at the ulcer decreases by at least 40% with the altered insole. The
standing pressure test was performed before and after the compression
testing and the walking pressure test was performed after the compression
testing. For the standing pressure test, the insole (before compression
testing) without a hole was applied to the bottom of the foot. The person gently
stepped on the Fujifilm and shifted all of their weight onto the insole foot, as
shown in Figure 33.

Figure 33: Standing pressure test being performed
The person stayed there for 2 minutes and then removed their foot from the
Fujifilm. This was done three times. Then, the same test was repeated, but
instead using the insole with the hole. This test was also done three times.
Then, after the insole had been compressed, the test using the insole with
the hole was repeated again.
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For the walking test, the insole without the hole was placed at on the bottom
of the foot and secured within a sock. Then, the person practiced walking in
order for the fourth step to land on the Fujifilm. The person walked normally
on and off the Fujifilm and this was repeated three times. This test was then
done using the insole with the hole and was repeated three times.
For the analysis of the data, ImageJ and MATLAB were used. A color chart
with a graph was provided from Fujifilm for analysis. A piece of Fujifilm was
placed over the color chart and a picture was taken of it, as shown in Figure
34. Fujifilm was placed on the color chart because it has a slight grey tint and
without it, it makes it difficult to compare to the imprints on the film. The color
chart was then analyzed on ImageJ using the rectangle tool and color profile
to get the red, green, and blue contents of 0.8, 0.6, 0.4, 0.2, and 0.1. Then
using the data from ImageJ and the known pressure that the colors
represented, a calibration curve was solved for in MATLAB using a matrix, as
shown in Figure 35.

Figure 34: Color chart with Fujifilm on top of it
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Figure 35: MATLAB code for finding the calibration curve
Then, all of the Fujifilm imprints from the tests were taken pictures of against
a white background. Using a white background is important because the film
is translucent and a different color could alter the results. All of the imprints
were analyzed in ImageJ by using the rectangle and color profiler tool at the
ulcer site and at the heel to get the average RGB readings of each. Then the
RGB data was converted to pressure using the calibration curve and the
pressure at the site of the ulcer was normalized by the pressure at the heel.
The calibration curve and method was validated by comparing the normalized
pressures found with this method to the normalized pressures found using
Topaq Analysis from the Fujifilm company. For the ones with no color at the
ulcer site, the pressure was assumed to be 0.05 MPa because that is the
lowest pressure that this type of Fujifilm can measure. Once that was done,
the data for the pressure from the standing unaltered insole, standing altered
insole before compression, standing altered insole after compression,
walking unaltered insole, and walking altered insole were averaged
individually.
Then, a t-test was run between the standing unaltered insole and standing
altered ulcer before compression, the standing unaltered insole and standing
altered ulcer after compression, and the walking unaltered ulcer and the
walking altered ulcer. The null hypothesis for all of the test was that the means
are equal and the alternative hypothesis was that the means are not equal.
This test was run with an alpha level of 0.05. Then the percent error formula,
as shown in Equation 1, was used for each unaltered and altered insole
comparison.
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(1)

Durability Test
Durability testing was done to verify that the KT tape could last for 5 days.
The required materials for this test were KT tape and a ruler. The person
doing the testing got their foot taped on day one and completed normal
activities until the end of day 5. At the end of day 5, the amount of KT tape
that peeled off was measured with a ruler. The specification of this test is that
the tape did not peel off more than 1 cm at a single location. The tape was
allowed to move and shift because this test was only testing that the tape had
a strong enough adhesive to stay on the ankle for 5 days. This test was done
twice.
Gait Test
The gait test was done to verify that the insole did not dramatically change
the way the person walks. The materials required for this test were the insole,
water, a tape measure, a pencil, and a stopwatch. The specification for this
test is that there is less than a 10% change in step length and walking time
between using the insole and not using the insole. To do this test a flat area
the distance of 7 steps was marked out. The person put the insole in their
shoe, stepped in water, and then walked normally for 7 steps. While the
person was walking, pencil marks were made at the top and bottom of the
shoe mark before the water evaporated and it was being timed with a
stopwatch. Then, the distance between top off and heel strike for each step
was measured with a tape measure. The distances were then averaged. This
test was done three times and then it was repeated three more times without
the insole.
Once all of the trials were done, the step length and time between the three
tests was averaged for both with the insole and without the insole. Then,
Equation 2 and Equation 3 were used to find the percent difference in step
length and time, respectively.

(2)
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(3)

7.2.2.

Testing Results

Application Time, Time to Access Wound, and Reapplication Time
From timing the process, the time for application time was found to be 260.95
± 48.31 seconds, the time to access the wound was found to be 14.23 ± 3.84
seconds, and the time to re-apply the device was found to be 76.54 ± 10.54
seconds, as shown in Table 13.
Table 13: The times found to apply the device, access the wound, and reapply the device.
Test

Application Time (s)

Time to Access
Wound (s)

Reapplication
Time (s)

1

280.47

20.33

69.85

2

271.08

11.02

84.49

3

176.71

15.64

90.06

4

276.76

12.34

73.88

5

299.73

11.82

64.43

The p-values for the application time, time to access wound, and reapplication
time were found to be 4.81E-5, 5.87E-6, and 3.85E-4, respectively. Since the
all the p-values were under 0.05 and all of the times were under their
respective specification, the timing requirements were met.
Weight Test
The average weight of the completed device was found to be 0.1604 ± 0.0081
pounds, as shown in Table 14.
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Table 14: The weights of the device.
Test

Weight (lbs.)

1

0.1607

2

0.1603

3

0.1597

4

0.1580

5

0.1630

The p-value for the weight test was found to be 0.0000. With all of the weights
being under 3 pounds and the p-value being under 0.05, the weight
specification was met.
Compression Test
The change in insole thickness was found to be 0.03 ± 0.03 cm, as shown in
Table 15.
Table 15: Summary of compression test data.
Test

Initial Thickness Final Thickness
(cm)
(cm)

Change in
Thickness (cm)

1

1.5

1.41

0.09

2

1.41

1.40

0.01

3

1.40

1.38

0.02

4

1.38

1.36

0.02

5

1.36

1.34

0.02

Since all five of the tests had a change in thickness less than 0.1 cm, the
specification for compression testing was met.
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Standing and Walking Pressure Tests
Using ImageJ, the RGB data of colors with known pressures was found as
shown in Table 16. Using MATLAB and the data from Table 16, the
calibration equation was found to be Pressure = -0.001(red) - 0.0023(green)
- 0.0005(blue) + 0.6916.
Table 16: RGB data from the color chart.
Pressure (MPa)

Red

Green

Blue

0.300

176.70

80.32

118.35

0.220

181.86

98.27

131.38

0.155

191.08

120.25

145.66

0.080

198.31

146.60

158.83

0.045

200.47

158.68

161.71

From doing the pressure tests, three imprints were captured for the unaltered
standing, altered standing before compression, altered standing after
compression, unaltered walking, and altered walking, as shown in Figures
36, 37, 38, 39, and 40, respectively. An additional imprint was captured to
send to the Fujifilm company for them to analyze in order to validate this
method, as shown in Figure 41. The analysis by the Fujifilm company can be
seen in Figure 42.

Figure 36: Standing Unaltered Pressure Imprint
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Figure 37: Standing Altered Before Compression Pressure Imprints

Figure 38: Standing Altered After Compression Pressure Imprints

Figure 39: Walking Unaltered Pressure Imprints
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Figure 40: Walking Altered Pressure Imprints

Figure 41: Imprint Sent to Fujifilm

47

Figure 42: Topaq Analysis
The normalized pressure for the standing unaltered, standing altered before
compression, standing altered after compression, walking unaltered, and
walking altered were found to be 0.7442 ± 0.0747, 0.0357 ± 0.414, 0.3295 ±
0.0514, 0.8166 ± 0.0659, and 0.3387 ± 0.0953 MPa/MPa, respectively, as
shown in Table 17. The normalized pressure for the imprint sent to Fujifilm
using the calibration curve were found to be 0.934, 0.758, and 0.865
MPa/MPa and the normalized pressure using Topaq Analysis was found to
be 0.973, 0.796, and 0.839 MPa/MPa, yielding a 4.028, 4.969, and 3.090%
error, respectively. Therefore, validating the calibration curve and that
method.
Table 17: Normalized Pressure (MPa/MPa) Results from Fujifilm
Test

Standing
Unaltered

Standing
Altered Before
Compression

Standing
Altered After
Compression

Walking
Unaltered

Walking
Altered

1

0.8295

0.4029

0.3662

0.8252

0.4464

2

0.7130

0.3227

0.2708

0.7467

0.3047

3

0.6902

0.3450

0.3514

0.8777

0.2650

The p-values from the t-tests between standing unaltered and standing
altered before compression, standing unaltered and standing altered after
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compression, and walking unaltered and walking altered were found to be
0.0037, 0.0022, and 0.0031, respectively. The percent difference between
standing unaltered and standing altered before compression, standing
unaltered and standing altered after compression, and walking unaltered and
walking altered were found to be 52.05%, 55.73%, and 58.52%, respectively.
Since all of the p-values were less than 0.05, it shows that the pressure has
significantly changed between having the device and not having it. Also, all
of the percent differences were greater than 40% meaning that pressure
decrease specification was met.
Durability Test
After wearing the KT tape for 5 days, there was some peeling of the tape, as
shown by Figure 43.

Figure 43: KT Tape After 5 Days
The amount of KT tape that peeled off on each piece of KT tape after 5 days
was found to be 0.6450 ± 0.1909 cm. Since in both trials less than 1 cm
peeled off, the specification was met.
Gait Testing
The step length and time for walking with the insole in the shoe was found to
be 18.93 ± 1.04 inches and 4.81 ± 0.47 seconds, respectively, as shown in
Table 18. The step length and time for walking without the insole in the shoe
was found to be 18.53 ± 0.71 inches and 4.84 ± 0.34 seconds, as shown in
Table 18.
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Table 18: Summary of the Gait Testing Results.
Test

With Insole

Without Insole

Step Length (in)

Time (s)

Step Length (in)

Time (s)

1

19.67

4.35

19.00

5.11

2

17.75

5.28

18.88

4.46

3

19.38

4.81

17.71

4.95

The percent difference for the walking with and without an insole for step
length and time were found to be 2.17% and 0.55%, respectively. Since both
the length and time difference were under 10%, the specification for gait
testing was met.
8.0

Conclusions and Recommendations
8.1. Recommendations
If this project were to be continued or improved in the future, we recommend that
the walking pressure test and the gait test are performed differently. The subject
wearing the device should walk for a week with it before performing these two the
tests. This would allow time for the insole to start to mold to the subject’s foot and
see how that affects pressure. This will ensure that the subject adjusts its walking
and better data could be obtained.
Another recommendation for the continuation of this project, is to try to replicate
the device and the tests, but this time with the ulcer in a different position.
Additionally, it is recommended to come up with a more practical manufacturing
method for the insole thickness for the future.
8.2. Conclusion
The Stage Gate Review Process was followed (concept review, freeze, and design
review) to manufacture a device that met all the customer requirements and
passed all the testing protocols. The manufactured device can be used by a skilled
practitioner to assist in offloading wounds of the foot (ulcers) in 10 minutes or less.
A 55.43% pressure is offloaded from the wound site with the device. Reapplication
can be done by a patient or their caregiver. The device offloads foot wounds,
enables access to the wound for continued monitoring, supports the foot and
decreases the amount of time and materials for application and follow up visits,
and allows for normal walking.
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10.2.

Appendix B: Project Plan (PERT Chart)
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10.3.

Appendix C: CAD Drawings

Figure 1C: KT Tape

Figure 2C: Gauze
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Figure 3C: Athletic tape

Figure 4C: Stabilizer Board
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Figure 5C: PegAssist
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10.4.

Appendix D: FMEA, Hazard & Risk Assessment

Table 1D: FMEA
For the FMEA table below, the C, M, and W for type stand for customer abuse, manufacturing
error, and wear, respectively.

Table 2D: Hazard & Risk Assessment
Description of Hazard

Plans to Mitigate

Improper applying of tape by securing it
too tightly or too loose

Tape will be removed immediately if it causes
any discomfort

Pull tester/flexural tester could pinch
fingers

Follow lab safety rules and make sure
everyone’s hands are away when starting
machine. Will wear safety glasses

Scissors have sharp edges and may fall
and cause minor injury

Will use scissors that have a safety blunted
edge that allow for safe cutting and they will be
handled with care
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10.5.

Appendix E: Pugh Charts
Table 1E: Pugh Chart with Concept 1 as Datum

Table 2E: Pugh Chart with Concept 2 as Datum
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Table 3E: Pugh Chart with Concept 3 as Datum

Table 4E: Pugh Chart with Concept 4 as Datum
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10.6.

Appendix F: Vendor Information, Specifications, and Data Sheets

Material

Vendor

Product Code

Date Purchase
Initiated

Amount
Purchased

KT Tape Pro
Kinesiology
Therapeutic Sports
Tape

Amazon

B006EPM6UC

1/16/19

2 rolls

Athletic Tape

Amazon

B00592846Q

1/16/19

1 roll

Dealmed Sterile
Gauze Pads

Amazon

B01AKCOS4Q

1/16/19

1 box

Fujifilm Prescale
Extreme Low Tactile
Pressure Indicating
Sensor Film

Sensor
Products
Inc.

N/A

12/17/19

1 roll

DARCO PegAssist
Insole System

Amazon

B01BLPCR1C

1/16/19

2 insoles
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10.7. Appendix G: Budget
Table 1G: Project Budget
Planned
Item
Product
Description Number

Purpose

KT Tape
Pro
Kinesiology
Therapeutic B006EP To promote
Sports Tape M6UC blood flow
Athletic
Tape

Associated Task

Unit

Cost/
Quantity Unit

Total
Cost

Durability Testing,
Time Testing, Weight
Testing, Gait Testing,
and Manufacturing

20
Precut
10 inch
Strips

2

14

28

To secure
Time Testing, Weight
B00592 padding and Testing, Gait Testing,
846Q create rigidity and Manufacturing

1.5 in x
10 yd.
roll

1

4

4

11.99

11.99

Dealmed
Sterile
B01AKC To protect
Gauze Pads OS4Q wound

Time Testing, Weight
Testing, Gait Testing,
and Manufacturing

100 4''
by 4''
pads

1

Fujifilm
Prescale
Extreme
Low Tactile N/A
Pressure
Indicating
Sensor Film

Pressure Testing

1 roll

1

To Test
Pressure on
Foot

500.00 500.00

DARCO
PegAssist
Insole
System

Pressure Testing, Time
Testing, Weight
Testing, Compression
B01BLP To offload the Testing, Gait Testing,
and Manufacturing
1 sole
CR1C foot

2

14.48

43.44

HappyStep
Insole

B00GS To surround Did not end up being
UG834 the PegAssist used

1

13.99

13.99

2 soles
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10.8 Appendix H: DHF
Engineering Specifications/Product Specification:
Table 1H: Engineering Specifications
Spec. #

Parameter
Requirement
Description Target
(units)

Tolerance

Preliminary Testing

1

Application
time

10 minutes

Max.

Using a stopwatch, time how long it
takes to apply device to foot once
insole is manufactured.

2

Pressure
Offloaded at
Wound

40%

Min

Have the patient wear the device with
no hole over the affected area and no
shoe and have him/her stand on a
Fujifilm prescale sheet. Have the
patient walk normally on and off the
Fujifilm. Next, have the patient wear
the device with a hole over the
affected area and no shoe and have
him/her stand on the Fujifilm prescale
sheet. Have the patient walk normally
on and off the Fujifilm. Analyze the
sheet and compare the pressure
difference at the wound site.

3

Weight

3 pounds

Max.

Place the device and all its
components on a scale and record the
weight.

4

Time to
access to
wound

1 minute

Max.

Using a stopwatch, time how long it
takes to access the wound.

5

Time to reapply
support to
wound

2 minutes

Max.

Using a stopwatch, time how long it
takes to re-apply the support to the
wound.

6

Material
durability of
KT Tape

5 days

Min

Apply KT tape to ankle. Outline the
tape with a pen. Wear the KT tape for
5 days and observe any movements
of the tape.
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Table 1H: Engineering Specifications Continued
Spec. #

Parameter
Requirement
Description Target
(units)

Tolerance

Preliminary Testing

7

Material
durability of
insole

1 mm

Max

Measure change in thickness of insole
after 100 cyclic compression cycles of
450 N using Instron tester.

8

Gait

10%

Max

Have patient walk with both the device
and without the device. Record the
time that it took for each and also
measure the step length with a ruler
both times and compare the
differences.

Instructions For Use (IFU):
The Foot Support Taping Device can be used by a skilled practitioner to assist in
offloading wounds of the foot in 10 minutes or less. Reapplication can be done by
a patient or their caregiver. The device offloads foot wounds, enables access to
the wound for continued monitoring, supports the foot and decreases the amount
of time and materials for application and follow up visits, and allows for normal
walking. Device should be wrapped in plastic wrap when bathing. It provides an
alternative to non-removable total contact casts, which do not allow access to the
affected area and impedes standard gait. The device is indicated for use with
patients of both genders who are at least 18 years old and have diabetic foot ulcers
on the metatarsal head that is in grade 1 or grade 2 (CHS grade scale [1]).
Manufacturing Process Instructions (MPI):
Table 2H: Insole Manufacturing
Step

Instructions

Equipment

Training

1

Place patients current shoe insole
over the PegAssistTM insole and
trace around the current shoe
insole with a sharpie

Sharpie

N/A

Pictures
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Table 2H: Insole Manufacturing Continued
Step

Instructions

Equipment

Training

2

Using a pair of scissors, cut the
PegAssistTM around the inside of
the sharpie mark and take an extra
centimeter off the top and bottom
and an extra half a centimeter on
the sides (or take off the distance
of the insole curvature)

Scissors

N/A

3

Place the newly cut PegAssistTM on Sharpie
top of the stabilizer board and trace
around it with a sharpie

N/A

4

Using a pair of scissors cut the
stabilizer board around the inside
of the sharpie mark

Scissors

N/A

5

Measure and mark 3/10 of an inch
from the bottom of the PegAssist

Box Cutter

N/A

6

Using a box cutter, cut through the
insole to decrease the thickness

Box Cutter

N/A

7

Place plastic wrap around the
patients foot over the ulcer

N/A

N/A

8

Circle the wound on the plastic with N/A
a marker pen

N/A

Pictures

N/A
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Table 2H: Insole Manufacturing Continued
Step

Instructions

Equipment

Training

9

Have the patient stand on the
PegAssistTM and the marked area
will imprint onto the insole

N/A

N/A

10

Remove the pegs underneath the
marked area on the PegAssistTM

N/A

N/A

11

Place the PegAssistTM on the
stabilizer board

N/A

N/A

12

Use duct tape to secure the
stabilizer board to the PegAssist
around the outside edge

Duct Tape

N/A

Pictures

N/A

Table 3H: Applying the KT Tape
Steps

Instructions

Equipment

Training

1

Twist and tear KT Tape paper
approximately one inch from the
end and remove paper

N/A

Standard
Taping
Practice

2

Find where to place the tape by
placing the other end to the inside
aspect of the heel and then place
the adhesive end down on the skin

N/A

Standard
Taping
Practice

3

Remove the remaining paper and
stretch the tape to 50% as you
apply the tape under the heel to
the other side of the ankle

N/A

Standard
Taping
Practice

4

Twist and tear KT Tape paper
approximately one inch from the
end and remove paper

N/A

Standard
Taping
Practice

Pictures

N/A
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Table 3H: Applying the KT Tape Continued
Steps

Instructions

Equipment

Training

5

Place the end on the inside of the
foot starting just after the toes end
with no stretch

N/A

Standard
Taping
Practice

6

Remove the remaining paper and
stretch the tape 50% as you apply
the tape to the inside of the foot
around the back of the heel and
then under the foot just in front of
the heel

N/A

Standard
Taping
Practice

7

Twist and tear KT Tape paper
approximately one inch from the
end and remove paper

N/A

Standard
Taping
Practice

8

Place the end on the outside of the
foot starting just after the toes end
with no stretch

N/A

Standard
Taping
Practice

9

Remove the remaining paper and
stretch the tape 50% as you apply
the tape to the outside of the foot
around the back of the heel and
then under the foot just in front of
the heel

N/A

Standard
Taping
Practice

Pictures

N/A
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Table 4H: Applying Neosporin and Gauze
Steps

Instructions

Equipment

Training

Pictures

1

Verify that the wound is clean
before starting

N/A

Classic
Wound
Care

N/A

2

Take a gauze pad and apply a thin
layer of Neosporin to it

N/A

N/A

3

Take the gauze pad and apply it
Neosporin side down onto the
wound

N/A

N/A

4

Secure the gauze by taping athletic
tape around the edge of the gauze

Scissors

Standard
Taping
Practice

N/A
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Table 5H: Applying the Insole
Steps

Instructions

Equipment

Training

Pictures

1

Verify that the KT tape is on
correctly and that the gauze is
secure over the wound

N/A

N/A

N/A

2

Place a sock on the patient’s foot
OR Take the manufactured insole
and place it on the bottom of the
patient's foot

N/A

N/A

3

Place the Insole in the shoe OR
Secure the insole to the bottom of
the patients foot by taping it to the
foot using athletic tape

Scissors

N/A

4

Place the patients foot inside the
shoe OR With patients newly taped
foot and insole applied have them
place their foot into their shoe

N/A

N/A
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Design History Record (DHR):
Table 6H: Insole Manufacturing (1 Unit)
MPI Step(s)

Deviations from MPI

Completed By

Signature

Date

1-2

Used box cutter
instead of scissors

Josh Pelegrin

J Pelegrin

2/2/19

3-4

None

Mikaela Williams

Mikaela
Williams

2/2/19

5-6

None

Mikaela Williams

Mikaela
Williams

2/2/19

7-9

Did not use plastic
wrap

Mikaela Williams

Mikaela
Williams

2/2/19

10-12

None

Josh Pelegrin

J Pelegrin

2/2/19

Table 7H: Applying the KT Tape (1 Unit)
MPI Step(s)

Deviations from MPI

Completed By

Signature

Date

1

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19

2

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19

3

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19

4

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19

5

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19

6

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19

7

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19

8

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19

9

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19
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Table 8H: Applying the Gauze and Neosporin (1 Unit)
MPI Step(s)

Deviations from MPI

Completed By

Signature

Date

1

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19

2

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19

3

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19

4

None

Andres Fojaco Gomez

Andres Fojaco

2/2/19

Table 9H: Applying the Insole (1 Unit)
MPI Step(s)

Deviations from MPI

Completed By

Signature

Date

1

None

Josh Pelegrin

J Pelegrin

2/2/19

2-3

None

Josh Pelegrin

J Pelegrin

2/2/19

4

None

Josh Pelegrin

J Pelegrin

2/2/19

The full project plan can be seen in Appendix B.
Installation Qualification (IQ)/Operations Qualifications (OQ):
The preliminary testing plans for each engineering specification are in Table 1H.
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Bill of Materials:
Table 10H: Bill of Materials
Item
Number

Description

Part Number/Vendor

Unit

Quantity

1

KT Tape Pro Kinesiology
Therapeutic Sports Tape

B006EPM6UC/Amazon

Strip

3

2

Cramer Team Color Athletic
Tape, Easy Tear Tape for Ankle,
Wrist, & Injury Taping, Protect &
Prevent Injuries, Promote
Healing, Athletic Training
Supplies, 1.5" X 10 Yard Roll,
Colored AT Tape

B00592846Q/Amazon

Strip

4

3

Dealmed Sterile Gauze Pads

B01AKCOS4Q/Amazon

Pad

1

4

DARCO PegAssist Insole
System

B01BLPCR1C/Amazon

Insole

1

5

Neosporin Plus Pain Relief
Cream, Maximum Strength

B009ZBSM7S/Amazon

Oz.

0.05

6

Color Duct Tape Brand Duct
Tape, Yellow

10360275/Michaels

In.

36
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Failure Mode and Effect Analysis (FMEA):
Table 11H: FMEA
For the FMEA table below, the C, M, and W for type stand for customer abuse, manufacturing
error, and wear, respectively.
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